Home blood pressure (HBP) monitoring is being used in children. However, there is no information on the relationship between HBP and office measurements (office BP (OBP)) in this population.
There is increasing interest in the measurement of childrens' blood pressure (BP) out of the office. This is because of the evidence showing that the white-coat phenomenon (BP elevated in the office but normal out of office) and the masked hypertension phenomenon (normal office BP but elevated out-of-office BP) are not uncommon in children. [1] [2] [3] [4] Therefore, assessment of out-of-office BP using either ambulatory or home monitoring is often needed in the pediatric population. 1, 5 In hypertensive adults, home BP (HBP) monitoring is regarded as a useful adjunct to the conventional office measurements [6] [7] and recent guidelines have endorsed the application of this method in routine clinical practice. [7] [8] [9] However, the Fourth Report (2004) of the National High Blood Pressure Education Program Working Group on High Blood Pressure in Children and Adolescents 10 made no mention of HBP monitoring. Interestingly, a survey in Germany showed that >70% of pediatric nephrologists recommend HBP monitoring in children with renal disease or hypertension and that 64% consider home measurements as more important than office measurements, but less important than ambulatory BP monitoring. 11 A more recent survey in the United States and Canada showed that 74% of pediatric nephrologists use self-HBP monitoring. 12 Despite the increasing use of HBP monitoring in clinical practice in children, 5, 11, 12 there is information neither on the significance of such measurements in the young population, nor on their relation with conventional office BP (OBP) measurements. Therefore, the physicians' opinion on the significance and the interpretation of HBP measurements in children is exclusively based on extrapolation of the available evidence from studies conducted in adults.
The Arsakeion school study was designed to assess the level of HBP in comparison to the conventional OBP measurements in a healthy population of children and adolescents.
MethODs
The Arsakeion study is a prospective school-based study conducted at Psychiko, a suburb of Athens. Estimation of the normal range of HBP for boys and girls on the basis of this study database has been published. 13 In brief, healthy children and adolescents aged 6-18 years attending the Arsakeion School were invited to participate in a BP monitoring study suffering from acute or chronic disease or on regular drug treatment including inhaling or oral bronchodilators, corticosteroids, antibiotics, non-steroidal anti-inflammatory drugs, or any drugs known to influence blood pressure in the last 2 weeks before study entry were excluded. The study protocol was approved by the Ethics Committee of the School of Medicine, University of Athens, the Scientific Committee of the Sotiria Hospital, Athens, and the Filekpaideftiki Etaireia, Arsakeia-Tositsia Schools. Before study entry, all children agreed to participate and their parents signed informed consent for study participation.
HBP measurements were taken by the participants or their parents (for younger children) on 3 routine school days with duplicate morning (after rising and before breakfast, 6:00-7:30 am) and evening (before dinner, 5:00-7:00 pm) measurements after 5 min sitting rest and with 1 min between readings (total of 12 HBP readings). Validated automated oscillometric devices with memory and personal computer link capacity were used (Omron 705 IT; Omron Healthcare Europe BV, Hoofddorp, The Netherlands). 14, 15 The device cuff was placed at heart level on the left arm; among left-handed children, measurements were taken on the right arm. Three cuffs of different sizes (inflatable bladder 9 × 16 cm, 13 × 23 cm, and 15 × 30 cm) were used to fit the arm circumference of each individual (bladder to cover 80-100% of arm circumference). The use of the device was explained to participants or their parents and a handout with brief instructions was provided. In the younger children aged 6-12 years, the device and the instructions handout were given to the children at school and the investigators contacted the participants' parents by telephone to ensure that home measurements will be performed as required. Older children and adolescents, who preferred to self-monitor their HBP, were instructed in the use of the monitors and were asked to take a test self-measurement in the office. A form was given to participants to report their HBP readings, which were also printed by the device memory through a personal computer. The average of 12 HBP readings of each individual was used in the analysis.
OBP measurements were taken in two visits, 1 week apart, by one of two trained physicians in a quite room at school. For each individual the same device and cuff was used as for HBP measurements. Three OBP measurements were taken after 5 min sitting rest and with 1 min between measurements on the same arm as for HBP measurements. The average of the second and third OBP reading of the two visits was used in the analysis.
OBP and HBP measurements were compared using Student's paired t-tests. One way analysis of variance was used to investigate differences between age subgroups regarding the officehome difference in BP and pulse rate. Pearson's correlations were used for the assessment of the associations between age and measurements of OBP and HBP and pulse rate. Multiple regression models (stepwise methods) were used to investigate for independent predictors of the OBP-HBP difference including age, sex, height, body mass index, OBP, HBP office-home pulse rate difference, and family history of hypertension, separately for systolic and diastolic BP. Analysis of variance and additional adjustment, when necessary for confounding factors (analysis of covariance) were applied to compare age groups in terms of the OBP-HBP difference. Statistical analysis was performed using the Minitab statistical software (release 13.31; Minitab, State College, PA). A P value <0.05 was considered statistically significant.
ResUlts
From October 2004 to June 2005, a total of 778 consecutive children and adolescents were recruited. 13 A total of 765 participants (98%) with OBP measurements taken in at least one visit and with at least two valid HBP readings were included in the analysis. A family history of hypertension (parents) was reported in 152 children (19.5%). Ninety-three per cent of the participants obtained 8 or more of the 12 expected HBP readings. The younger participants (aged 6-10 years) had HBP measurements taken by their parents (98%), whereas 92% of the older ones (14-18 years) performed self-BP measurements. Among participants aged 10-14 years (n = 284), 142 had selfhome measurements, 116 had measurements by their parents, and 24 had both (2 with no information). There was no difference in the average number of home readings provided by each 2-year age subgroup. Demographic and physical characteristics of the study participants are presented in Table 1 .
OBP of the second visit was lower than that of the first one by 2 ± 8 mm Hg systolic and 2 ± 7 mm Hg diastolic (P < 0.001 for both). There was no difference in average systolic or diastolic HBP among the 3 monitoring days. In all morning and evening HBP monitoring sessions, the second reading taken 1 min later was consistently lower than the initial one by 1-2 mm Hg for both systolic and diastolic BP (several of these differences were statistically significant). Average OBP was slightly lower than average HBP by 0.6 ± 7.0 (SD) mm Hg (95% confidence intervals (CIs) 0.1, 1.1, P = 0.01) systolic and 1 ± 6 mm Hg (95% CI 0.7, 1.6, P < 0.0001) diastolic, whereas pulse rate was higher articles Home Blood Pressure Normalcy in Children in the office by 7 ± 10 beats/min (95% CI 6.2, 7.6, P < 0.0001). Bland-Altman plots of the differences between average OBP and HBP measurements are presented in Figure 1 . Subjects aged 10-14 years who performed self-BP measurements did not differ from those whose measurements were taken by their parents regarding the OBP-HBP difference.
Significant correlations were found between office and home measurements (r = 0.76, P < 0.001 for systolic BP, r = 0.50, P < 0.001 for diastolic BP, r = 0.66, P < 0.001 for pulse rate). Age was strongly correlated with OBP (r = 0.48/0.31 for systolic/ diastolic, P < 0.001) and HBP (r = 0.41/0.08, P < 0.001/0.03 respectively), whereas it was inversely related with pulse rate measured in the office (r = −0.57, P < 0.001) or at home (r = −0.47, P < 0.001). Age was also significantly correlated with the difference between OBP and HBP (r = 0.13/0.24 for systolic/diastolic BP, P < 0.001) and inversely correlated with the difference between office and home pulse rate (r = −0.31, P < 0.001) (Figure 2) . In addition, OBP was significantly associated with the difference between OBP and HBP (r = 0.43/0.55, for systolic/diastolic).
The differences in blood pressure and pulse rate between office and home measurements across six age subgroups are presented in Figure 3 . In the younger children (aged 6-12 years), both systolic and diastolic HBP appeared to be higher that OBP. However, in the older children and the adolescents this difference was eliminated. On the other hand, pulse rate was higher in the office regardless of the age (Figure 3) . With increasing age this difference in pulse rate was reduced but remained significant. The changes in the OBP-HBP and pulse rate differences with increasing age were similar in boys and girls when analyzed separately and when only morning or only Figure 3 | Differences between home and office blood pressure and pulse rate by participants' age. BP, blood pressure; *P < 0.05; **P < 0.001; ***P < 0.0001 for differences between office and home blood pressure; aNOVa, analysis of variance among age subgroups. In multivariate analysis the office-home difference in pulse rate, age, and family history of hypertension were independently associated with the office-home systolic BP difference ( Table 2) . Due to high degree of colinearity between age and height, two similar models were built based on these parameters. When age was replaced by height in the model, similar results were found but gender was also significant ( Table 2) . Independent predictors of the diastolic OBP-HBP difference were age, the office-home pulse rate difference, family history, BMI, and gender ( Table 2) . Identical results were found when age was replaced by height ( Table 2) . After adjustment for the office-home difference in pulse rate, the differences among age subgroups regarding the OBP-HBP difference remained significant and exhibited more gradual change with increasing age (data not shown). Similarly, after further adjustment for gender, family history, and body mass index, these differences among age groups remained significant. The findings for diastolic BP were similar, again even after adjusting for the above mentioned variables.
DisCUssiON
This study investigated the effect of age on the difference between OBP and HBP measurements in healthy children and adolescents. The main finding of this analysis is that in the younger children aged 6-12 years HBP appears to be higher than office measurements. This difference is eliminated in the older children and in adolescents.
One of the strengths of this study is the large sample size with equal representation of boys and girls and of all age groups from 6 to 18 years. To our knowledge this is the only published large study involving HBP monitoring in healthy children. An additional advantage is the careful methodology for blood pressure measurement, both in the office (two visits) and at home (3 days). It has been previously reported that, in children and adolescents, duplicate morning and evening HBP measurements for 3 days is the minimum schedule that provides reliable assessment of HBP. 16 An automated device was used for all BP measurements, which has been tested for accuracy in adults 14 and also in a subgroup of 197 children and adolescents of the Arsakeion school study using the criteria of the International Protocol of the European Society of Hypertension and of the American Association for the Advancement of Medical Instrumentation and has been shown to be accurate. 15 This device has memory capacity and personal computer link, which prevents the "observer bias" in both office and home measurements (observer prejudice and terminal digit preference) 7 and the "reporting bias" in HBP measurements (subjects misreporting their self-HBP readings). 17, 18 In addition, the use of the same device for both office and home measurements in each individual prevented any differences in measured BP due to different technology. Therefore, any differences between OBP and HBP measurements observed in this study should be exclusively attributed to differences in the measurement setting (office vs. home).
Numerous studies in hypertensive adults have consistently shown OBP to be higher than home measurements. 7, 19, 20 This difference is also present in treated hypertensives 20 and is widely known as the white-coat phenomenon. 7 The presence of a significant white-coat phenomenon in children with elevated BP has been confirmed in several studies using ambulatory BP monitoring. 1, 2 In normotensive adults 21 and in the general population (mainly normotensives), 22 there appears to be little difference between OBP and HBP, suggesting that in adults the white-coat phenomenon is not a feature of normotension but is associated with the presence of hypertension. 19, 21 The masked hypertension phenomenon that is the reverse of the white-coat phenomenon (low office BP and elevated out-of-office BP) is also known to be present in the adults 7, 23, 24 and in children. 1, 3 Studies in adults have shown that the white-coat as well as the masked hypertension phenomenon can be detected using either ambulatory or HBP monitoring. 7, 19, 20, 24 Although several studies have obtained HBP measurements in children, 5 no data on HBP in normotensive children articles Home Blood Pressure Normalcy in Children have been reported. The few studies that compared HBP with ambulatory monitoring had relatively small sample size and included children with elevated OBP. 5 These studies showed daytime ambulatory BP to be consistently higher than home measurements, probably due to the high level of physical activity of children during daytime. 5 These data contrast several studies in hypertensive adults that showed little difference between home and daytime ambulatory BP. 7, 19, 20, 24 We have previously compared OBP with HBP measurements in 55 children and adolescents referred for elevated BP. 25 Subjects with sustained OBP elevation had a substantial white coat effect, that is, significantly higher systolic BP in the office than at home, whereas those with low OBP on repeated measurements had small OBP-HBP difference. 25 It should be mentioned, however, that the latter group was not truly normotensive because subjects have been referred for elevated BP, suggesting some kind of BP abnormality. To our knowledge, there are no published data investigating the relationship between HBP and OBP in normotensive children and adolescents. In this study, in healthy children older than 12 years, no difference between OBP and HBP was found (Figure 3 ). It appears that after the age of 12 years the relationship between OBP and HBP is similar to that in the normotensive adults. 21, 22 However, an unexpected finding in this study is that children younger than 12 years showed a distinct pattern of both systolic and diastolic HBP being higher than OBP (Figure 3) . The progressive change in the OBP-HBP difference with increasing age and the presence of the same pattern in both boys and girls suggest that this is a true phenomenon rather than a chance finding. We do not have a plausible explanation for this finding. Because physical activity is a major determinant of BP, it might be argued that younger children might be less likely to follow the instructions for HBP monitoring, that is, to have a 5 min sitting rest before measurement. On the other hand, OBP measurements were more standardized because they were taken by the two trained physicians who strictly followed the BP measurement protocol.
The multivariate analysis confirmed the impact of age (or height) on the OBP-HBP difference. The office-home difference in pulse rate was also a significant predictor. Because pulse rate is a marker of the sympathetic system activity, it might be argued that this system probably interferes with the office-home difference in both BP and pulse rate. Regarding the influence of the family history of hypertension, a hypothesis might be proposed that in children of hypertensive parents, BP might be more reactive specifically to the clinic setting, affecting thereby the OBP-HBP difference.
Regarding the change in the office-home pulse rate difference with age, even when expressed as percentage (to correct for the higher pulse rate in the younger children), there is a clear difference with >10% higher office pulse rate compared to the home rate in the young children, whereas in the adolescents it is marginally higher than home pulse rate (<5% higher). As it is the case with BP, pulse rate is also determined by physical activity. 26 However, pulse rate is more sensitive to mental activity than is BP. [26] [27] [28] For example, subjects who wake up but stay in bed have a significant rise in pulse rate but less so in BP. [26] [27] [28] It might be argued that, with increasing age children are less alarmed with the presence of the physician and, therefore, have a lesser rise in pulse rate in the office.
In conclusion, in the pediatric population the difference between HBP and OBP measurement appears to change with increasing age. These data should be taken into account in the assessment of HBP in children and adolescents. 
